ABSTRACT Lung function was measured in 28 infants with cystic fibrosis and repeated in 17 of the infants during the first year of life. Thoracic gas volume (TGV) and specific airway conductance (sGaw) were measured plethysmographically and maximum forced expiratory flow at functional residual capacity (VmaxFRC) was derived from the partial expiratory flow-volume curve. At the time of the initial evaluation respiratory function was correlated with the clinical condition of the infants but not with age. There was a good correlation between sGaw and VmaxFRC when both were expressed as percentages of the predicted normal values. On the basis of the normal range for sGaw the infants were divided into two groups. Group A (n = 9), who had normal sGaw, were younger and had a lower clinical score and normal VmaxFRC and TGV values. Group B (n = 19), who had low sGaw, had increased TGV and decreased VmaxFRC. There was no correlation with age for any measure of lung function for the population as a whole. Repeat testing was undertaken at intervals in 17 representative infants. In most of these infants the relation between sGaw and VmaxFRC was maintained; there was no evidence that VmaxFRC was affected before sGaw. There was no functional evidence that the earliest changes in cystic fibrosis occur in small airways, as reflected by changes in VmaxFRC in infancy.
Introduction
Impairment of respiratory function is the major cause of mortality and morbidity in cystic fibrosis.'2 During infancy, when the lung is growing and developing rapidly, lung damage would seem likely to be more harmful than later. Accurate assessment ofrespiratory function at this age is therefore important, so that changes brought about either by progression of the disease or by treatment can be identified.
Studies in older children have suggested that the earliest abnormalities in cystic fibrosis occur in small airways. For example, appreciable hypoxia has been noted at a stage when other indices'oflung function are normal,3 and there is a more rapid decline in maximum mid expiratory flow rate than in other indices of lung function. 4 Studies using the infant whole body plethysmograph have found several instances in which airway resistance or its derivatives were normal in infants with cystic fibrosis,56 suggesting that the larger airways at least are basically healthy in early life. The important questions, however, are whether the smaller airways are healthy and whether progression to abnormal function is inevitable in infancy.
We have developed a technique for obtaining partial forced expiratory flow-volume curves in infants,78 which closely resemble the forced expiratory flowvolume loops of older children and adults. To the extent that expiratory flow rates at low lung volumes may be an index of small airway function, the techniques now available for the investigation of infants should allow us to explore the origin and progression of airway disease in the early stages of cystic fibrosis.
Methods

SUBJECTS
In total 28 infants with cystic fibrosis were studied on 51 occasions, 17 on more than one occasion. The diagnosis of cystic fibrosis was confirmed in each case by a positive sweat test result. The age range of the infants was 5-57 weeks and their weight was 2-8-10-5 kg at the time of testing. All infants were regularly attending our cystic fibrosis clinics and receiving routine treatment, including continuous antibiotics and physiotherapy. The nature of the tests was explained to the parents, who gave their consent and Beardsmore, Bar-Yishay, Maayan, Yahav, Katznelson, Godfrey There was no correlation between age and either (8) 41 (3) 44 (6) TGV, total gas volume; sGaw, specific airway conductance; VmaxFRC, maximum forced expiratory flow at functional residual capacity.
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On the basis ofmeasurements on necropsy material, Hogg et al " have suggested that small airways disease causes symptoms in infants because of the relatively low conductance ofperipheral airways. Unfortunately they did not provide information about their normal subjects, such as how and why they died. There were apparently only two newborn infants, all the others being 18 months or more; so their data may not be entirely representative ofthe normal pattern ofgrowth of lung function. If flow limitation is a good index of small airway function, as suggested by the studies mentioned earlier, then we see little evidence that small infants have poorer small airway function in life because their expiratory flow rates (corrected for lung volume) are if anything greater than in older children and adults. 7 Hogg et al also suggested that peripheral airway conductance was much more reduced than central airway conductance in children with cystic fibrosis. They studied, however, lungs from only three children with cystic fibrosis, aged from 4 to 7-5 years, who had died of pulmonary complications of the disease; so their findings are not necessarily applicable to the present study of living infants.
The arguments concerning the normal range of VmaxFRC in infancy would not apply to the initial tests in our patients as they were close in age to the normal subjects we have studied. Thus the finding of a normal VmaxFRC as well as sGaw in many of these infants, taken with the evidence cited above that small airways disease is reflected by flow limitation at low lung volume, suggests that small airways disease is not the earliest manifestation of cystic fibrosis.
